A solution of the intensification problem of the column chemical reactors is presented in the approximation of the mechanics of continua. The effect of the radial non-uniformity of the velocity distribution, the effect of the tangential flow and simultaneous mass, and heat transfer processes are analyzed. A theoretical analysis of the simultaneous mass and heat transfer processes in column reactors is presented.
Introduction
A fundamental problem in the column chemical reactors is the radial non-uniformity of the axial velocity distribution. The theoretical analysis of this problem is possible to be made, using a new approach on the base of the approximations of the mechanics of continua [1] - [4] , where the mathematical point is equivalent to a small (elementary) physical volume, which is sufficiently small with respect to the apparatus volume, but at the same time sufficiently large with respect to the intermolecular volumes of the medium. As a result the mathematical description of the processes is mass balance in this elementary volume in the form of a convection-diffusion type of models, using the convection-diffusion equations. These models [1] - [4] permit to be made a qualitative analysis of the process for to be obtained the main, small and slight physical effects (mathematical operators in the models), and to be rejected the slight effects (operators).
The using of the convection-diffusion type of models for a quantitative analysis of the processes in column apparatuses is not possible because the velocity function in the convection-diffusion equations is unknown. The problem can be avoided if the average values of the velocities and concentrations over the cross-sectional area of the columns are used, i.e. the medium elementary volume (in the physical approximations of the mechanics of continua [1] - [4] ) will be equivalent to a small cylinder with radius 0 r and a height, which is sufficiently small with respect to the column height and at the same time sufficiently large with respect to the intermolecular distances in the medium.
A main problem in the column chemical reactors is the decrease of the processes efficiency as a result of the effect of the radial non-uniformity of the axial velocity distribution. This problem can be avoided using a tangential inlet of the flow in the column, which is very useful in the cases of simultaneous mass and heat transfer processes.
Chemical Reactor Modeling
Let's consider a liquid (gas) motion in a column reactor with radius 0 r (m) and height l (m), where a homogeneous chemical reaction between two fluid components is realized. If the difference between the component concentrations is very large, then the chemical reaction will be first order.
Convection-Diffusion Type of Model
If the velocity u (m·s −1 ) and concentration c (kg·m
) distributions in the column are defined as:
the convection-diffusion type of model [4] can be expressed as: 
where D (m 2 ·s −1 ) is diffusivity, k (s The mass transfer efficiency ( ) g in the column and conversion degree ( ) G is possible to be obtained [4] , using the input and outlet average convective mass fluxes at the cross-sectional area surface in the column:
The qualitative analysis of the model (2) will be made, using generalized variables: ( )
The effect of the chemical reaction rate is negligible if = ≤ has to be applied and as a result:
i.e. the model (6) is diffusion type.
Average Concentration Model
The average velocity and concentration at the column cross-sectional area can be presented as 
The velocities and concentration distributions in the convection-diffusion type of model (2) assume to be presented [3] [4] by the average functions (8):
where ( ) 
An average concentration model may be obtained [1] - [4] if put the Expression (9) into the model Equation (2) and then multiply by r and integrate with respect to r over the interval [ ] 0 0, r . As a result: 
leads to:
In the cases = ≤ = = ≤ < (see (6) ) the model (14) has the convective form:
The function ( ) (14) and (15) represents the effect of the velocity radial non-uniformity on the mass transfer efficiency in the column apparatus: 
and as a result:
Effect of the Radial Non-Uniformity of the Velocity Distribution
As an example will be used the case of parabolic velocity distribution (Poiseuille flow):
From (4) and (19) follows:
The solutions of the problems (5) for Da Table 1 . The Equations (14) and (15) permit to be obtained expressions for the concentration axial gradient: (16)). The presence of a radial non-uniformity of the axial velocity in the columns leads to 1 A > , i.e. a decrease of the concentration axial gradient and process efficiency [4] . The using ((3), (4), (13)) permits to be obtained the process efficiencies (conversion degree) in the cases of presence ( ) G and absence ( ) 0 G of a radial non-uniformity of the axial velocity in the column:
The results are shown in the Table 1 , where is seen, that the radial non-uniformity of the axial velocity component leads to a substantially decrease of the conversion degree.
Effect of the Tangential Flow
Let's consider a cylindrical column with axial input of the gas (liquid) flow (Figure 1(a) ). The axial and radial velocity components u r z u r z are possible to be obtained as a solution of the Navier-Stokes equations in boundary layer approximation, i.e. to solve the problem of the gas (liquid) jet in immobile gas (liquid). As a result the radial non-uniformity of the axial velocity component exists for the columns with limit height. In these conditions the conversion degree increase is related with the decrease of the radial non-uniformity of the axial velocity component (special geometric conditions at the axial input of the column).
A possibility for a partial reduction of the radial non-uniformity of the axial velocity component is the using of a column with tangential enter [5] of the gas (liquid) flow (Figure 1(b) ) in the column input.
A maximal reduction of the radial nonuniformity of the axial velocity component is the using of a column with tangential enter [6] of the gas (liquid) flow (Figure 1(c) ) in the column working area.
In the cases of tangential input of the flow in the column, the velocity components 
i.e.
and from (27) it follows:
From (30) follows, that practically
≡ (except for a thin boundary layer on the wall).
The presented theoretical analysis shows, that the using tangential input of the flows in the columns area lead to a significant decrease of the velocity radial non-uniformity and as a result an increase of the conversion degree in the column reactors.
Simultaneous Mass and Heat Transfer Processes
The heat and mass transfer kinetics theory shows [3] , that the process rate depends on the characteristic velocity in the boundary layer. The big difference between these velocities in the cases of axial and tangential input of the flows ( ) 0 u u ϕ  leads to a substantial increase of the heat transfer rate through the column wall.
Let's consider a simultaneous mass and heat transfer processes in a column chemical reactor, where the velocity, concentration and temperature t (deg) distributions in the column are denoted as:
where ρ (kg·m From the condition const. 
A qualitative analysis of the model ((32), (33)) will be made, using generalized variables: 
In the cases of very height column is possible to be used the approximation 
alitative and the quantitative analysis of the processes in column reactors, respectively. The presented theoretical analysis shows that the conversion degree in the column chemical reactors decreases as a result of the radial non-uniformity of the axial velocity component.
A theoretical analysis of the simultaneous mass and heat transfer processes in column reactors is presented. A method for substantially reducing the radial non-uniformity, and using a tangential introduction of the fluid in the column, is proposed as a utility model (application number 2464 column reactor for chemical processes 17 June 2013).
The main claims of the utility model are: • a column apparatus for chemical reactions (column chemical reactor), characterized in that the fluid (reaction mixture) goes into the bottom of the column working zone directly and tangentially; • a column apparatus for chemical reactions (column chemical reactor), characterized in that the radial nonuniformity of the velocity distribution over the cross-sectional area in the working zone of the column is minimized and the chemical processes rate is maximal; • a column apparatus for chemical reactions (column chemical reactor), characterized in that the generated angular velocity component leads to an intensification of heat transfer through the walls of the column in the cases of the heating (cooling) of the reaction mixture.
